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Abstract 
The publication in 2012 of Best Practices for Validating CO2 Geological Storage: Observations and Guidance from 
the IEAGHG Weyburn-Midale CO2 Monitoring and Storage Project marked the culmination of 12 years of research 
at the Weyburn and Midale oilfields in south-eastern Saskatchewan, Canada.  From 2000 to 2012, close to 23 
million tonnes of carbon dioxide were injected into depleted oil reservoirs during enhanced oil recovery operations 
(EOR); the measurement/ monitoring research conducted with those EOR operations demonstrated that storage in 
deep geological formations is a safe and effective means of reducing GHG emissions.  The wealth of results 
accumulated and disseminated during the Weyburn-Midale Project (WMP) has been important for CCUS and CCS 
project managers and researchers alike, but serious public concerns continue worldwide related to the safety of CO2 
underground storage.  In late 2012, the Global Carbon Capture and Storage Institute approached the Petroleum 
Technology Research Centre (managers of the WMP) to produce a “core messages” booklet that would offer 
answers to questions that persistently arise from the general public about carbon capture and storage, by 
incorporating the scientific information garnered over the life of the WMP. The booklet, What Happens When CO2 
is Stored Underground: Q&A from the IEAGHG Weyburn-Midale CO2 Monitoring and Storage Project was 
published in 2013 and engaged several steps in its development including a review of existing frequently asked 
questions on CCS; identification of additional questions and answers using WMP results; community focus group 
analyses of a completed draft of the booklet; a peer review of the booklet and the focus group responses by CCS 
communications experts; and, finally, a redrafted final publication. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Public consultation and outreach remains one of the most important aspects in the management of any proposed 
carbon capture (utilization) and storage (CCUS) project.  A number of publications have been released which 
propose methods of public consultation and outreach [1, 2, 3, 4], and offer communicators strategies and resources 
for informing and educating the public (both at-large, and for stakeholders living near a proposed project).  
There have also been a number of successful publications and web-based materials to which communicators may 
point the general public with information about all aspects of the CCS chain – from capture, through to transport, 
injection, storage and measurement/monitoring.  The IEAGHG has produced three booklets, one each on capture 
[5], storage [6] and a recent overview of the entire CCS chain [7].  Websites, established by different ENGOs that 
are supportive of CCS (Global CCS Institute [8], ZEP [9], ZERO [10], Bellona [11]), have been developed to 
provide information on the benefits and potential risks of the technologies involved.  And, finally, operating projects 
have provided web-based access to information about the progress of their projects, and more general information 
about CCUS.  These include several different websites involved with the United States Department of Energy’s 
Regional Sequestration Partnerships [12] (especially the Midwest Geological Sequestration Decatur Project [13] in 
Illinois), and the Petroleum Technology Research Centre’s Aquistore project in Saskatchewan, Canada [14]. 
While these resources are invaluable, and provide a firm foundation for any communicator seeking to begin 
dialogue with members of the public about CC(U)S, the IEAGHG Weyburn-Midale CO2 Monitoring and Storage 
Project (WMP for short) – with 12 years of research and a published Best Practices Manual – offers a unique 
opportunity to provide data-supported answers about key questions continually raised by the public about CCUS, 
from an extensively monitored storage site.   
In late 2012, shortly after the publication of Best Practices for Validating CO2 Geological Storage: Observations 
and Guidance from the IEAGHG Weyburn-Midale CO2 Monitoring and Storage Project, the Global CCS Institute 
(the Institute) approached the Petroleum Technology Research Centre (PTRC), managers of the research at the 
Weyburn and Midale oil fields, with a proposal to take certain key findings from the research project.  They were 
seeking results that could provide simple answers to the most persistent questions asked by the general public about 
CCS technology.  The Institute-funded project included a number of key steps: 
 
x Question identification and refinement: this included a literature review and mining of data from the public 
outreach and consultation done during the risk assessment process of the Weyburn-Midale Project (WMP) in 
2009. 
x Development of core messages: select researchers, as well as communicators and project leads involved in the 
WMP, examined the chosen questions and provided written answers based on data and findings from the 12 
years of research.  This included identifying appropriate images and support materials for the answers. 
x Focus group testing of the questions and answers: Two community focus groups of eight people were chosen 
from the Weyburn and Midale areas to review the written material.  Their feedback was incorporated into a 
reworked draft of the document 
x Review of focus group results: A collection of communicators from ENGOs, along with planned and existing 
CCUS project proponents, were assembled to review the focus group results and the redrafted core messages 
document.  Out of this review, a final set of recommendations on redrafting the document were submitted to the 
Institute and the PTRC. 
x Final document production: A final redrafted document, incorporating some changes and excluding others, was 
published in late 2013. 
 
The final publication – What Happens When CO2 is Stored Underground? Q&A from the IEAGHG Weyburn-Midale 
CO2 Monitoring and Storage Project – has been widely distributed as a PDF document through the Institute website 
and CCS project networks, and in hard copy form from both the PTRC and the Institute. 
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2.  Question Identification 
Risk assessment proved to be an important area of research in the WMP, and the risk assessment process, while 
based on scientific objectives such as “assess[ing] the effectiveness of storing the target volume of CO2 within the 
confines of the Weyburn unit” and “identify[ing] controls required to reduce risk and areas where further research is 
required to develop the controls’ [15], also included direct public engagement through a workshop conducted in 
2009 with members of local Weyburn and Midale communities.  Some 30 members of the general public were 
brought together to survey what assets (biological, environmental, and economic) individuals and the wider 
community felt were of most value and whether those assets were perceived to be at all under threat from the storage 
of CO2 in the reservoir.  Key to this workshop was not simply identifying the assets, but coming to understand 
where the risks of storage potentially impacted those assets.  The role of consultation in helping to identify potential 
risks, however slight in probability, would play an important part in the overall risk assessment.  Figure 1 provides a 
summary of the overall risk assessment approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Biosphere risk assessment and management approach in the WMP [16] 
GEOSPHERE RISK ASSESSMENT 
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The WMP public risk assessment workshop provided the project managers with a significant number of 
questions from the local community that proved to be an excellent starting point for the development of the 
proposed core messages document in 2012.  Broadly speaking, residents in the area above the oil field raised 
questions in key areas: 
x Fate of the CO2 following injection 
o What can be done if CO2 migration occurs in the reservoir? 
o Can injected CO2 harm ground water or marine life? 
o How do you maintain and monitor the CO2 underground? 
o Will CO2 migrate into my basement or topsoil? 
x Seismicity and earthquakes 
o Will there be any movement of faults because of injected CO2? 
o Could an earthquake be created? 
o What if an earthquake hits nearby?  Will the CO2 move because of it? 
x Economics and reputation of the community 
o Will my house and land value be affected by CO2 being injected under it? 
o How does the world or potential investors view the community because of CO2 storage? 
 
These concerns echo the major questions raised in best practices documents elsewhere, including in CSIRO’s 
focus group study of attitudes towards CCS in Victoria, Australia: 
 
…there were a range of issues and concerns that were raised through 
participant questions.  Many of these related to the safety of CCS and 
potential environmental risks that might arise from the process – either 
through unexpected leaks back into the atmosphere or through 
contamination into fresh water. [17] 
 
A survey of the literature – including a well-known report by Zobak and Gorelick [18], which investigated the 
likelihood of large volumes of injected CO2 causing induced seismicity – also aided in creating a key set of 
questions that formed the foundation of the first draft of the core messages booklet. 
Forty-eight questions were initially developed across four categories for answer preparation: 
x The Basics:  What is Carbon Dioxide?  These included basic question about the sources, properties and 
behavior of CO2. 
x Carbon Capture and Storage:  The main questions about how CCS works, including a review of the full chain 
from capture to injection and storage. 
x CCS in Your Community: This broad category included the main questions about the operation of a storage 
project, and the main concerns about leakage, containment and safety. 
x Economics and Regulations:  A shorter number of queries about the CCS industry and regulations surrounding 
it. 
3. Core Message Creation: Answering the Questions 
In the creation of answers to the questions developed for the core messages document, the PTRC engaged 
current and past management of the WMP, including scientists directly involved in the creation of the Best Practices 
Manual in 2012.  Key criteria were set ahead of answering the questions, including: 
 
x Audience identification:  general public with a target comprehension level established at grade 7. 
x Look and feel:  in an effort to keep the reader engaged, it was agreed to search for and incorporate as many 
images, tables and figures as possible, and adapt those images to create a common look and feel for the 
document. 
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x Medium: while the document was determined from the outset, to be in print and electronic book format, 
references and sources were encouraged from all media, including interactive websites, videos, and other 
sources. 
 
Discussions with the WMP personnel and lead researchers led to the creation of a Question and Answer (Q&A) 
template to provide answers to questions in two parts:  an initial paragraph would provide a general answer to the 
question, and a second paragraph would provide specific data and results from the WMP, where possible, as 
supportive evidence.  See Figure 2, below, which provides an example of the written response to the first question in 
the booklet. 
 
 
 
 
Figure 2. Draft of the first question answered in the core messages booklet.  Note the opening paragraph provides a general answer to the 
question, and the second paragraph brings the answer back to the specific research findings from the WMP. 
 
Questions were reworked several times with the project manager of the WMP, and select lead research scientists 
involved in different areas of work, including those involved with geochemical and geophysical monitoring, risk 
assessment, wellbore integrity, site characterization, advanced modeling, and public communications.  In July of 
2013, a first draft of 48 questions and answers was copy-edited and reviewed for reading level ease and 
comprehension by the Institute and PTRC communicators, then prepared for focus group testing in September. 
 
4. Focus Group Testing 
Focus group testing was conducted with individuals living in the Weyburn-Midale area on September 24 and 25, 
2013.  A communications firm from Regina, Saskatchewan – Empresa Communications – was hired to plan and 
define the parameters of the groups and testing to be done. 
The Weyburn and Midale areas were selected to establish the focus groups primarily for two reasons.  First, the 
risk assessment workshop from 2009 committed the PTRC to follow-up with the local community on questions 
raised during the WMP research program, and the core messages booklet offered such a follow-up in written form.  
As well, the Weyburn-Midale area offered a wide range of experience and education across a diversely educated 
populace.  An excellent cross section was able to be established in the focus groups of reading levels, ages and 
socio-economic backgrounds.   
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PTRC and the Institute wanted the focus groups to address: 
x Document effectiveness: Specifically, what did the focus group members think of the document? Were they 
able to read it easily? What was their initial impression on receiving the document? 
x Language and illustration: Was the document easy to understand with respect to language and illustrations? 
How effective did individuals find the document language, jargon use and tone? Did illustrations appropriately 
support the text? 
x Deficiencies: How effective were the answers? How could the answers be improved? Are there any missing 
questions? Is this an appropriate medium to inform people about CCS? [19] 
 
Eleven people were recruited for each focus group; actual attendance for both groups was 8 people, which was 
an ideal target size to encourage group discussions.  The September 24th group achieved gender balance with 4 
males and 4 females; the group also realized some representative age diversity, with even representation in the age 
categories of 18-39 (2), 40-59 (2), and 60+ (4), consistent with Weyburn’s aging population statistics. This group 
also showed diversity in education, with incomplete high school education (2), completed high school (2), some 
technical schooling (1), university degree (1), bachelor’s degree (1), and master’s degree (1) representation. 
The September 25th focus group consisted of 5 females and 3 males. The age representation saw a higher 
proportion of young people, with 3 of 5 females in the 18-39 age category. This provided some level of contrast to 
the September 24th grouping. In this focus group, 4 people were 18-39, 2 were 40-59 and 2 were over 60 years of 
age. This group also included community leaders such as the Mayor of the village of Halbrite (nearby to Weyburn) 
and the General Manager of the Weyburn Chamber of Commerce. The remaining focus group was a mix of students 
(2), a homemaker, a hairdresser/bartender, a retired SaskTel operator and a civil service retiree. This group showed 
somewhat less diversity in education with incomplete high school education (1), completed secondary (5), some 
technical schooling (1), and a university degree (1). 
  
The focus groups’ principal findings included:  
x Positive reactions to the booklet:  Although awareness of CCS and associated technologies seemed low in 
the focus groups, there were positive indicators that the information provided in the booklet was palpable to 
readers across all demographic groups.  The reactions to the material fostered engaging conversations 
amongst both groupings.   Although many participants mentioned approaching the booklet with varying 
levels of cynicism about CCS, the conversations around it tended to be quite positive when engaging on 
several points in the booklet such as: economic viability, CO2-EOR, technical considerations on transport 
of CO2 (pipelines); and, the safety of the technology.  
x Negative reactions to the booklet: Negative reactions to the booklet, were not dominant, but they were 
consistent.  Participants approached the source of the information with a guarded sense of assurance. A lack 
of context (not knowing who the researchers were, who funded the research, where they were from or 
which institution supported their work, and what specifically they researched) was viewed as a key barrier 
to accepting the information as fact.  Focus group discussions of the questions and answers relating to 
storage spurred a number of “what if…” questions. Many of these questions centred on CO2 injection 
operations somehow impacting personal safety or the biosphere (including potable ground water). 
Although few participants could fully articulate their concerns, the questions raised are anecdotally a 
symptom of a population that appears well versed on the technologies of the oil and gas industry in the 
areas around Weyburn, but feels it does not have enough information on CCUS despite its use of many of 
the same technologies.  Uncertainty over of the effects of injection over a long period of time (their 
lifetime) or well into the future (beyond their lifetime/legacy concerns) remained pressing concerns.  
 
Full focus groups results, including limited quotations from members of each group, are available from the 
Empresa Communications report held by the PTRC and the Institute [20]. The main focus of proposed changes to 
the core messages document was centred on simplifying and providing more information on the potential risks of 
injection. Identifying the sources of written material was also highlighted as an important change to boost the 
credibility of the document as a fact-based report, making it clear that it had not been written as promotional 
material for the CCUS industry. 
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5. Peer Review of Focus Groups Results and Core Message Document 
In November 2013, the PTRC hosted a meeting of communications experts from across the CCUS community – 
including representatives from industry, academia, and environmental NGOs. The experts were asked to review the 
draft Q&A document in the light of the focus group results, and considering their own experiences of CCUS public 
outreach. 
 
This meeting resulted in a number of recommendations to improve the final draft of the document: 
x Medium used: it was acknowledged that the commissioned project was to be in book and electronic book 
format, however several of the younger focus group participants indicated the Q&A format could also work 
well in more interactive mediums like websites, with answers perhaps answered by research scientists in 
short films.  This was supported in the peer review discussions, with a suggestion that the experts in the 
room could work towards a more interactive version of questions and answers at a future date. 
x Rephrasing questions to use a “what if?” format: given the number of focus group participants raising 
scenarios about possible impacts of CO2 storage, it was suggested by the peer review, that several questions 
related to the monitoring and movement of CO2 in the Weyburn-Midale reservoirs be rephrased using the 
very “what if” wording that was used by focus group participants. 
x Clearly defining the difference between CCS and CCUS: given that the WMP provided data and research 
related to a CO2-enhanced oil recovery operation, the introductory and concluding information in the 
document should draw clear distinctions between CO2-EOR andCO2 storage. 
x Removal of questions outside of the scope of the original WMP research:  while it was conceded that some 
introductory Q&As in the document were necessary to discuss the full array of technologies involved in the 
capture and transport of CO2, the peer review suggested that questions outside the realm of storage (the real 
focus of the WMP) should be cut back or eliminated entirely. 
x Document language and format: the Q&A format was supported as an easy and direct means to get readers 
engaged in the document, but the peer review suggested that the use of analogies in the writing, and the 
repetitive information across several of the answers, should be revisited and tightened up.  Coordinating the 
look and feel of images and graphics was also discussed and, for some images, improvements were 
suggested. 
x Audience:  the peer review involved lengthy discussions about the intended audience for the core messages 
document. It was acknowledged that attempts had been made to make the Q&A as direct and language 
appropriate as possible, however the peer review feedback suggested that the detailed document was 
probably of more use to teachers, communicators unfamiliar with CC(U)S, and project proponents. 
x Title: a title was put forward for the core messages booklet, and accepted as final, focussing the content less 
on the entire CCS chain and, instead, on CO2 storage: What Happens When CO2 is Stored Underground? 
Q&A from the IEAGHG Weyburn-Midale CO2 Monitoring and Storage Project. 
 
As a result of these recommendations, the PTRC and the Institute began work on a final draft of the document. 
6. Final Changes and Production 
PTRC returned to the core messages document with clear direction on improvements.  The peer review’s specific 
edits and suggestions related to image look and feel were almost entirely incorporated.  The designers took content 
from many different private and public sources and redrafting those images to provide a more consistent look and 
feel for the whole core messages document. 
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Likewise, the four sections of the final draft were reduced to three.  The original pre-focus group questions were 
in four categories: 
x The Basics:  What is Carbon Dioxide?   
x Carbon Capture and Storage  
x CCS in Your Community  
x Economics and Regulations 
 
Questions pertaining to the economics and regulation of the CCS industry were eliminated, leading to an 
increased focus on storage over other parts of the CCS chain, and a reimagined series of questions in terms of the 
“What If” scenarios discussed in the focus groups.  The final 46 Q&As (reduced from 48) were placed into these 
categories: 
x The Basics 
o Carbon Dioxide 
o Carbon Capture and Storage 
x What Happens to CO2 Underground? 
x What Ifs?  The Most Common Questions about CCS 
 
The final document launched via electronic and hard copy distribution in late April 2014, and has been very well 
received, particularly from educators looking for materials to better discuss the science of CO2 geological storage.  It 
is now in its second print run, and has received wide electronic distribution via the Institute’s website 
(http://www.globalccsinstitute.com/publications/what-happens-when-co2-stored-underground-qa-ieaghg-weyburn-
midale-co2-monitoring-and-storage-project).   
 
Finally, the peer review – which brought together so many communicators and CCS proponents from across the 
globe to contribute towards the creation of What Happens When CO2 is Stored Underground – has since led to a 
concerted effort on the part of reviewers to develop a series of resources that are more interactive in nature and that 
can tap knowledge from many of the main CCS and CCUS projects that are underway (including the Illinois Basin – 
Decatur Project, Aquistore (in Saskatchewan), two of the USDOE’s regional partnerships, and others). 
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